The purpose of this study was to design, build, and test an electrical discharge machine in the form of an electron drill which would demonstrate the principle of electrical dis charge machining (also known as EI^) and could do actual work.
Need for the Study
It is important that students keep abreast of recent developments and trends in industry. One such trend is the wider use of electrical discharge machining to remove broken taps, to drill holes in hardened metals and hard alloys, and to do intricate work which could not be duplicated by any other means (9) . It is out of the question for most school shops to purchase an electrical discharge machine or an elec tron drill because of cost. The cheapest automatic electrical discharge machine sold by Broadhead-Garrett Co., the Model shops. Industry can afford to buy specific tools for specific purposes, but school shops in many instances must buy tools for dual purposes.
Basic Assumptions
It is assumed that:
(1) established designs can be simplified in order to be understood and built in a senior high school, (2) basic existing shop equipment can be util ized in the design and construction of an electron drill, ( 3) economy will be a prime factor in choosing the final design, (4) an electron drill can adequately demonstrate the principle of EDM,
Limitations of the Study
The end result will be a tested design of an electron drill. Simplicity in circuitry and mechanical requirements will take precedence over the best circuitry and mechanical requirements. REVIEW 4. It makes use of a drill press to mount the electrode holder.
5. A coolant is forced through a hollow electrode, 6 . Regular tap water can be used as a coolant (5).
After this research project was near completion, Zadig wrote an article in Popular Science on how to build an elec trical discharge machine for less than five dollars. This particular machine does not make use of any existing shop equipment such as a drill press as did the Elox machine.
The main features of Zadig*s machine are:
1. A hand screw to bring the electrode into position to maintain an electric arc.
2. A small plastic tray in which to hold the dielectric, kerosene being recommended as a dielectric.
3. A simplified electric circuit which employs a silicon rectifier, two light bulbs, and two electrolytic capacitors (11).
A slightly modified version of the power supply contained in this unit was built and tested as a part of the development of this thesis. It was found to be extremely dangerous when used in conjunction with or near any machinery that was grounded, because of the electrical shock hazard. The basic machine tool around which all other component parts were assembled was a standard shop drill press. The drill press provided a manual feed mechanism which brought the electrode to within arcing distance of the work. Two different types of drill presses were used. The drill press had the capacity to bring the electrode into close proximity or contact with the work, but it was The third setup consisted of the closed loop centrifugal pumping system and dielectric tank. For a power supply, the previously discussed modified RC power supply without an ammeter was connected to the tool holder ground strap and vise as shown in Figure 9 .
The tap removing setup in Figure 10 required no dielec tric tank in which to submerge the work. Liquid dielectric was pumped from a trench on the outer perimeter of the drill press table through the tool. The tool holder was inserted into the drill press chuck without the vibrator unlike the three previously discussed arrangements. While the whole work piece was not submerged in dielectric, the area being Each of the basic set ups was tried and evaluated. The simple set up as shown in Figure 7 was the cheapest to assem ble and least complicated to operate. In this case the work was submerged in the dielectric, but it did not have to be.
When the work was not submerged, bright sparks tended to fly upwards producing a slight hazard to the operator. Regular tap water was used which is very economical but did not pro duce the best surface finishes especially on aluminum which It can readily be seen that increased amperages cause in creased hole depth when machining for the same period of time.
Increased amperages also cause a coarser surface finish on the piece being machined. The cutting time data repre sented in Table 1 are close approximations due to individual drill press feeding variations of the machine operator. The electrodes used were made of soft brass and a high purity graphite. After cutting holes one and two, the holes were found to be approximately .010" larger than the electrode.
Holes three and four were about .050" larger than the elec trode because much higher amperages were used. Approximately Another improvement which could be made to increase the cutting accuracy of the machine is to select a more rigid drill press, one that has little play in the quill. A verti cal mill is generally a more rigid machine than a drill press and could be used as a substitute. There are many types of vibrators on the market and care should be taken to select one with as little side play in the vibrating mechanism as pos sible. The particular vibrator used in this thesis was selected because it was a standard shop tool already purchased before the conception of this thesis.
construct, and use such a modern shop tool to keep abreast of recent trends in industry. The machine was developed with the machine shop student in mind, but an electronics class could well be the place for designing a new power supply.
Once completed the electron drill will result in a metal working tool which can do work that cannot be duplicated by any other machine shop tool.
SUMMARY
Tliti purpose of this study was to design, build, and tost an electrical discharge machine in the fomi of an electron drill which would demonstrate the principle of electrical discharge machining and could do actual work.
The main objectives sought were to;
1. keep the design simple enough so that it could be constructed in any well-equipped high school shop, 2 . keep the cost of the machine reasonable.
3. make use of any existing equipment in the school shop which could be used as a component or com ponents in the effort to cut costs.
This study was experimental in nature by testing newly designed components and substituting standard shop equipment for components into an integrated electron drill design.
It was found that existing shop equipment could indeed be substituted for component parts in building the electron drill. The basic machine tool around which all other com ponent parts were assembled was a drill press. The drill press brought the electrode into contact with the work. A metal engraver or vibrator was mounted in the drill press chuck and used to maintain a consistent arc gap between the electrode and the work. An electrode holder was fabricated from a hard copper Tee, a brass compression tube fitting, a short piece of bakelite, and a six inch length of copper ground strap. The electrode holder permitted a constant supply of liquid dielectric to be forced through the hollow electrode or tool while the electrode holder was mounted in the vibrator chuck. Several electrodes were made from copper, brass, and graphite with small holes drilled in their centers.
Two types of power supplies were used: an ordinary shop weld ing machine with a high frequency attachment, and a resistance capacitance unit that was built especially for evaluation in this thesis.
Four basic electron drill set ups were made by varying the power supply, instrtmientation, drill press and dielectric circulating system.
A series of test holes was drilled into regular hardened steel files to demonstrate the ability of an electron drill to cut metals that ordinary shop tools would not cut.
The particular applications of the electron drill de scribed in this thesis for the school shop were to:
1. act as a teaching aid, 2. remove broken taps. 3 . remove broken drills and reamers.
4. remove broken studs and set screws.
5
. d r i l l new holes.
6. enlarge existing holes. 7 . counter bore holes.
8. cut irregularly shaped holes.
By the results of the holes drilled with the various set ups described in this thesis, it was clearly demonstrated that a simplified electron drill can be made using existing shop equipment, thereby reducing costs of construction.
